In present paper a quantization scheme proposed recently by Morris (arXiv:1806.02206[hepth]) is analyzed. This method is based on idea to combine the renormalization group with the BV-formalism in an unique quantization procedure. It is shown that the BV-formalism and the new method should be considered as independent approaches to quantization of gauge systems.
Introduction
At present the BRST symmetry [1, 2] is considered as a fundamental principle of Modern Quantum Field Theory allowing suitable quantum description of a given dynamical system [3, 4] . This principle is underlying the powerful quantization methods known in covariant formalism as the Batalin-Vilkovisky (BV) method [5, 6] and in canonical formulation as the Batalin-Fradkin-Vilkovisky (BFV) approach [7, 8] (for recent developments of these methods see [9, 10, 11, 12, 13] ). Application of these methods to a given dynamical system guarantees gauge-independence of physical results thanks to the BRST symmetry.
The Gribov-Zwanziger theory [14, 15, 16] and the functional renormalization group approach [17, 18] belong to a class of non-perturbative formulations of quantum theory of gauge fields with violation of the BRST symmetry. In its turn the breakdown of the BRST symmetry in both these cases leads to gauge dependence of effective action even on-shell [19, 20, 21, 22, 23] making physical interpretation of the results impossible.
Recently it has been proposed to combine methods of the BV-formalism with the renormalization group [24] . To do this regularized versions of the antibracket and Delta-operator have been introduced in a way dictated by main concepts of the renormalization group with preserving (almost) all basic properties known from the BV-formalism. In contrast with standard formulation of the functional renormalization group approach [17, 18] the regulators are introduced in a way that preserving gauge invariance on the level of free kinematic action. In Abelian gauge theories that procedure leads to regularized initial action being gauge invariant in the sense accepted for quantization within the BV-formalism [25] . In general it is expected to retain perturbatively gauge invariance after regularization. In this point an essential deference appears between the new approach and the BV-formalism, where gauge invariance of an initial action is assumed from the beginning. It motivated us to analyze basic assumptions of new quantization approach [24] in general gauge theories. As a result we conclude that the BV-formalism and the new quantization procedure [24] should be considered as independent quantization schemes.
In the paper the DeWitt's condensed notations are used [26] . We employ the notation ε(A) for the Grassmann parity of any quantity A. The right and left functional derivatives with respect to fields and antifields are marked by special symbols " ← " and " → " respectively.
BV-formalism in short
The BV-formalism presents a powerful method of covariant quantization of general gauge theories [5, 6] . It is based on a number of fundamental assumptions about the properties of the systems in question. It is assumed that a given system of fields A i , ε(A i ) = ε i is described by an initial classical action S 0 [A] being invariant under gauge transformations,
ε(ξ α ) = ε α are arbitrary functions. In general algebra of gauge generators may be (ir)reducible and (or) open and structure coefficients may depend on fields. Taking into account the structure of gauge algebra one defines a minimal antisymplectic space parameterized by fields Φ A min ,
In turn a set of corresponding antifields takes the form Φ * min
For reducible theories the set Φ A min looks more complicate and includes a pyramid of ghost for ghost fields but here we are not going to details. In the minimal antisymplectic space a solution,
, is constructed in the Taylor expansion with respect to ghost fields. Then full antisymplectic space of fields Φ = {Φ A } and antifields Φ * = {Φ * A } is introduced. For irreducible gauge algebra the explicit content of these sets are 
Morris's construction
In the paper [24] a generalization of the antibracket and the Delta-operator of the BV-formalism has been proposed. For any two functionals F = F [Φ, Φ * ] and G = G[Φ, Φ * ] the new antibracket is given by the rule 1) or in the DeWitt's condensed notation
are sets of fields and antifields correspondingly and a regulator operator K Λ is introduced,
with the following properties: K Λ (0) = 1 and K Λ (x) → 0 for x → ∞.
Taking into account that the integration by parts reads
one can check the standard properties for the antibracket in the BV-formalism [5, 6] :
(1) Grassmann parity
(4) Generalized Jacobi identity
The generalized Delta-operator has the form
and obeys the nilpotency property
Action of the generalized Delta-operator on antibracket (3.1) takes the standard form in the BV-formalism
The same statement is valid for action of the generalized Delta-operator on product of two functionals. The result reads
In deriving (3.11) and (3.12) the integration by parts (3.4) was intensively used.
The quantum master equation for a functional W = W [Φ, Φ * ] takes the form
The standard BV procedure requires fixing an initial gauge invariant classical action. Let S 0Λ be corresponding action which remains gauge invariant after introducing the regulator operator K Λ .Then the structure of gauge algebra defines full space of fields Φ = {Φ A } and antifields Φ * = {Φ * A } in this modified scheme of the BV-formalism. Let S Λ = S Λ [Φ, Φ * ] be a solution to the quantum master equation
satisfying the boundary condition
be a gauge-fixing action specified by gauge-fixing odd functional Ψ. One suggests that this action satisfies the quantum master equation as well,
The generating functional of Green functions is constructed in the form of functional integral On this stage it seems that the problem for finding a suitable formulation of renormalization group approach respecting the BRST symmetry is solved. But a crucial point of the modified construction to be similar to the BV-formalism is requirement of gauge invariance of regularized initial action. In the next Section we examine this proposition using pure Yang-Mills theory.
Regularized Yang-Mills action
We start with the pure Yang-Mills action with SU(N) Lie group
where f abc are structure coefficients of the SU(N) Lie group satisfying the Jacobi identity,
It is main idea of [24] to introduce the regulator operator K Λ on the level of free kinetic action. For non-Abelian gauge theories this procedure destroys geometric description underlying a given gauge dynamical system and conflicts with the basic assumptions of the BV-formalism. To save the basic proposition for initial action required in the BV-formalism, here we propose to introduce the regulator operator for Yang-Mills action in the form which preserves geometric description in terms of field strength F a µν ,
The action (4.4) is invariant under the following gauge transformation
From (4.2) it follows the presentation of this variation in terms of field variations
In the Yang-Mills theory (K Λ = 1) the gauge transformations of the field strength F a µν , δ ξ F a µν = f abc F b µν ξ c , can be rewritten in terms of gauge transformations of fields A a µ , δ ξ A a µ = D ab µ (A)ξ b . Let us try to present the variation (4.5) in the form (4.6). The result reads
For Abelian Lie group f abc = 0 one can formulate the gauge invariance of the regularized initial action in terms of gauge transformations of fields A µ as δ ξΛ A µ = K Λ ∂ µ ξ and after that to apply the powerful BV-formalism to construct suitable quantum description of renormalization group respecting BRST symmetry. It was exactly the case studied in [25] . In particular the BRST transformations in the sector of fields A µ are described by the relations δ BΛ A µ = K Λ ∂ µ C.
In general from (4.7) it follows that gauge invariance of the action (4.4) cannot be expressed in terms of gauge transformations of fields A a µ . In particular the gauge transformations of fields A a µ ,
do not present symmetry transformations of the regularized action (4.4) . It means that already on first step we have no possibility to construct minimal antisymplectic space needed for formulation of the classical master equation of the BV-formalism. Requirement of gauge invariance of regularized initial action does not allow to express this invariance in terms of gauge transformations of fields which is needed for application of the BV-formalism. We are forced to conclude that at present there is no a suitable presentation of renormalization group approach respecting the BRST symmetry beyond the Abelian case. The problem remains open.
Discussion
In the paper we have analyzed basic assumptions of new approach for quantization of gauge systems to combine attractive features of the BV-formalism with main idea of the renormalization group [24] . We have confirmed basic algebraic properties and the Jacobi identity for regularized antibracket and Delta-operator introduced in [24] . For the first sight it seems that new formulation is equivalent to the standard BV-formalism in sense of anticanonical transformations, i.e. new form of antibracket and Delta-operator can be reproduced from standard definitions with the help of some special anticanonical transformation. Anticanonical transformation in the BV-formalism preserves structure of any relation involving the antibracket and the Delta-operator. Relations listed in Section 2 confirmed that.
But there exist an essential difference between these two approaches. It is related with canonical relations in the BV-formalism,
and relations with the regularized antibracket,
The relations (5.2) can be rewritten in the form
When K Λ = 1 there is no anticanonical transformation reproducing the relations
Indeed, let F = F [Φ, Φ * ′ ], ε(F ) = 1 be generator of anticanonical transformation,
Then from (5.4) we have, in particular,
and therefore
with some odd functional Ψ = Ψ[Φ]. The second relation in (5.4) allows us to specify the functional Ψ,
with the results Ψ[Φ] = const, K Λ = 1.
Therefore the BV-formalism [5, 6] and the new method [24] should be considered as independent approaches to quantization of gauge systems. Main motivation of [24] to combine the BV-formalism with the exact renormalization group remains unfulfilled.
Notice that the gauge dependence problem of the functional renormalization group approach [17, 18] can be solved with the help of redefinition of the average effective action using composite operators as it was proposed in [21] .
